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CLAIMS 



[Claim(s)] 

[Claim 1] A lower core layer and the gap layer directly formed through the lower magnetic pole layer on said tower 
core layer. In the magnetic-recording component which has the up core layer formed on said gap layer through the 
up magnetic pole layer which determines the width of recording track directly said gap layer The magnetic-recording 
component to which plating formation is carried out by NiP and the content of the element P in the thickness from 
an interface with said lower magnetic pole layer or said lower core layer to lOnm is characterized by being below 15 
mass % above 8 mass %. 

[Claim 2] The magnetic-recording component according to claim 1 whose content of the element P in the thickness 
from said interface to 40nm is below 15 mass % above 8 mass %. 

[Claim 3] The content of said element P is a magnetic-recording component according to claim 1 or 2 which is 
below 1 5 mass % above 1 0 mass %. 

[Claim 4] The content of said element P is a magnetic-recording component according to claim 1 or 2 which is 
below 1 5 mass % above 1 1 mass %. 

[Claim 5] The content of the element P which the whole thickness of said gap layer averaged is a magnetic- 
recording component according to claim 1 to 4 which is below 15 mass % above 1 1 mass %. 

[Claim 6] In the manufacture approach of a magnetic-recording component of having a lower core layer made from a 
magnetic material, and the up core layer made from a magnetic material which counters through a gap layer on said 
lower core layer by the opposed face with a record medium (a) Process which carries out plating formation of said 
lower core layer (b) On said lower core layer, direct. Or the process which carries out plating formation of the 
nonmagnetic gap layer which used nickel as the principal component on this lower magnetic pole layer with electric 
plating using pulse current after carrying out plating formation of the lower magnetic pole layer on said lower core 
layer, (c) The manufacture approach of the magnetic-recording component characterized by having the process 
which carries out plating formation of the up core layer through a direct or up magnetic pole layer on said gap layer. 
[Claim 7] The manufacture approach of the magnetic-recording component according to claim 6 which carries out 
plating formation of the remaining gap layers using the pulse current which has current density higher than said 
predetermined current density after carrying out plating formation of said gap layer to predetermined thickness in 
the aforementioned (b) process using the pulse current which has predetermined current density in the beginning. 
[Claim 8] The manufacture approach of the magnetic-recording component according to claim 7 which makes said 
predetermined current density two or less 3.0 mA/cm by two or more 1.5 mA/cm, and carries out plating formation 
of said gap layer to the first 10nm thickness using the pulse current which has this current density. 
[Claim 9] The manufacture approach of the magnetic sensing element according to claim 8 which carries out plating 
formation of said gap layer to the first 40nm thickness. 

[Claim 10] The manufacture approach of the magnetic-recording component according to claim 7 to 9 which carries 
out plating formation of said remaining gap layers using the pulse current which has the current density of two or 
less [ 1 1.0mA //cm ] by two or more 8.5 mA/cm. 

[Claim 1 1] The manufacture approach of the magnetic-recording component according to claim 6 to 1 0 which 
carries out plating formation of said gap layer by any one sort of nickel-P, nickel-W, nickel-P-Mo, and nickel-P-W. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ooot] - '.' • • ' " ' : ::r r ~ \ VI - :<i5 ; ? - 

[Field of the Invention] This invention relates to the thin film magnetic head which the magnetic-recording 
component with which a hard disk drive unit etc. is equipped can be started, especially the corrosion resistance hear 
an interface with the lower magnetic pole layer (or lower core layer) of a gap layer and smooth nature can be 1 raised; 
and can promote nonmagnetic-ization, the magnetic-recording component about the manufacture approach, arid its • 
manufacture approach. 

[ 0 oo2] •■* * ^ " " 

[Description of the Prior Art] Drawing 14 is the partial front view showing the structure of the magnetic-recording 

component (thin film magnetic head) in the former. 

[0003] The sign 1 shown in drawing 14 is the lower core layer formed with magnetic materials, such as a permalloy/ 
and the insulating layer 9 is formed on this lower core layer 1. ; : >J 

[0004] It applies in the height direction (the direction of graphic display Y) from an opposed face with a record 
medium, and slot 9a in which the inside width method was formed with the width of recording track Tw is formed in 
said insulating layer 9. 

[0005] Into this slot 9a, plating formation of the lower magnetic pole layer 2 which connects with the lower core 
layer 1 magnetically sequentially from the bottom, the gap layer 4; and the up magnetic pole layer 5 which connects 
with the up core layer 6 magnetically is carried out. Furthermore, plating formation of the up core layer 6 is carried ; 
out on said up magnetic pole layer 5. 

[0006] Moreover, on said insulating layer 9 in the height direction (the direction of graphic display Y), the coil layer 
(not shown) by which pattern formation was carried out spirally is prepared rather than slot 9a formed in the 
insulating layer 9. 

[0007] In the inductive head shown in drawing 14 . if a record current is given to said coil layer, a record field will be 
guided to the lower core layer 1 and the up core layer 6, and a magnetic signal Will be recorded on record media, 
such as a hard disk, by the leak field from between the up magnetic pole layers 5 which connect with the lower 
magnetic pole layer 2 and the up core layer 6 which connect with the lower core layer 1 maghetically majghetically. 
[0008] By the way, said gap layer 4 is formed by NiP in which plating formation is possible. In the forriier, plating 
formation 5 Of said NiP film Was carried out with electric plating which used a direct current; : 

[0009] : \ r'; 

[Problem(s) to be Solved by the Invention] However, when plating growth of said NiP film was carried but from the 
interface with said lower magnetic pole layer 2 with electric plating using a direct current;^ turned out^that ^ 
especially the content of the element P hear [ said ] an interface becomes very smalli For example; 7 said interfece u " 
showed that the content of said element P became smaller than 8 mass % by the bel^ 
result Within about 2.5nni thickness. "l\ 
[0010] If electroplating is carried'out^ bias occurs in distributiori^df the current density td ' 

the nickel-P film at the time of plating formation, and a current will flow continuously intensively to a certain plating 
side. And it' is thought that the bias of such current distribution is that the element nickel which is easy to plan the 
crystalline lower magnetic pole layer 2 and grid consistency grows in epitaxial, and crystallizes, and it becomes 
extremely small [ the content of the element P near / said / an interface ]. Moreover/ with the epitaxiaP^rbA^^ v ^ 
the ab6ve-rn'e ; ntibried'hicket, ^i^i^ -ln'said-interface becomes severe;. • - \ 

[001 1] The content bf the element P near [ said ] an interface was extremely small as mentioned above, andl 
corrosion resistance fell, the NiP film which ****** generated tended to be eaten away by the penetrant remover* M 
used for it at the washing process of slider manufacture etc. from neutrality since it is weak in the water solution of 
an alkali field, and nonconform iry, like as shown in drawing 15 (mimetic diagram), a crack goes into said NiP film 
generated it Recording characteristics, such as ah ovei^riting projperty, fall by this. 

[0012] Moreover; near [ said ] ah interface tends to be tinctured with magnetism, and since gap length's Gl 
magnitude determined by this by the thickness of said gap layer 4 is changed, it cannot manufacture the thin film 
magnetic head which has a predetermined recording characteristic with the sufficient yield, because the content 
the element P near E said ] ah interface falls. ! , , i 

[0013] Then, this invention is for solving the above-mentioned cony 

offering the magnetic-recording component which the corrosion resistance of a gap layer and smooth nature can be 
raised, and can promote nonmagnetic-ization by making [ many ] the content of the element P especially in near 
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[ said ] an interface compared with the former. 

[0014] Moreover, this invention is carrying out plating formation of the gap layer with electric plating by pulse 
current, controls that Element nickel crystallizes with epitaxial growth near [ said ] an interface, and aims at offering 
the manufacture approach of a magnetic-recording component with possible making many nonmagnetic elements 
(for example, element P etc.) contain. 
[0015] 

[Means for Solving the Problem] The gap layer formed through the lower magnetic pole layer directly [ this 
invention ] on a lower core layer and said lower core layer. In the magnetic-recording component which has the up 
core layer formed on said gap layer through the up magnetic pole layer which determines the width of recording 
track directly said gap layer Plating formation is carried out by NiP and the content of the element P in the 
thickness from an interface with said lower magnetic pole layer or said lower core layer to lOnm is characterized by 
being below 1 5 mass % above 8 mass %. 

[0016] By this, the crystallized field by the epitaxial growth of nickel is not formed in the direction of thickness at 
said gap layer from an interface with a lower magnetic pole layer or a lower core layer, but near the interface which 
nickel crystallized will be conventionally amorphous contained by Element P below 15 mass % by this invention 
above 8 mass %. 

[0017] Thus, according to said interface, the corrosion resistance of said gap layer and smooth nature improve, and . 
it is not eaten away by the penetrant remover of the washing process of slider manufacture etc., but nonconformity, ... 
like a crack goes into said gap layer like before can be prevented because Element P is [ of having contained - 
mostly ] amorphous from the former. Moreover, this part is made to nonmagnetic and the magnetic-recording ; 
component from which gap length Gl becomes a predetermined value can be manufactured with the sufficient yield 
because Element P contains below 15 mass % in 10nrn thickness from said interface, above 8 mass %. 
[0018] Moreover, in this invention, it is desirable that the content of the element P in the thickness from said 
interface to 40nm is below 15 mass % above 8 mass %. 

[0019] Moreover, as for the content of said element P, in this invention, it is desirable that it is below 15 mass % 
above 10 mass %, and the content of said element P is below 15 mass % more preferably above 11 mass %. 
[0020] If it is within the limits of the above, while being able to suppress crystallization by the epitaxial growth of 
Element nickel more and being able to raise the corrosion resistance of said gap layer further, it is possible to 
manufacture the magnetic-recording component which can promote more nonmagnetic-ization near the interface of 
said gap layer, and has a good recording characteristic. 

[0021] Moreover, as for the content of the element P which the whole thickness of said gap layer averaged in this , 
invention, it is desirable that it is below 1 5 mass % above 11 mass %. 

[0022] Corrosion resistance improvement in said whole gap layer can be aimed at from said interface by regulating 
preferably at least 10nm of average contents of the element P of the whole thickness of not only the inside of 
thickness of 40nm but said gap layer within the limits of the above, and nonmagnetic-ization of said whole gap layer 
can be promoted, and a leakage field can be generated certainly [ near / said / the gap layer ]. 

[0023] In addition, measurement of the content of the above-mentioned element P was performed using the X-rays 
spectroscopic analyzer. Since only the value with the relative content of Element P was acquired only with the X- 
rays spectroscopic analyzer, the content of the element P obtained from said X-rays spectroscopic analyzer by wet 
analysis was amended, and the absolute value was obtained. It is the content of the element P of this invention, : 
which it described above. 

[0024] Moreover, about the distance from an interface with a lower magnetic pole layer or a lower core layer, it 
measured using the transmission electron microscope (TEM). 

[0025] Moreover, this invention is set to the manufacture approach of a magnetic-recording component of having a 
lower core layer made from a magnetic material, and the up core layer made from a magnetic material which 
counters through a gap layer on said lower core layer by the opposed face with a record medium, (a) Process- which 
carries out plating formation of said lower core layer (b) On said lower core layer, direct. Or the process which :>: 
carries out plating formation of the nonmagnetic gap layer which used nickel as the principal component on this 
lower magnetic pole layer with electric plating using pulse current after carrying out plating formation of thejower ; , 
magnetic pole layer on said lower core layer, (c) It is characterized by having the process which carries out plating 
formation of the up core layer through a direct or up magnetic pole layer on said gap layer., . r . v 
[0026] Although plating formation of the gap layer was carried out in the former with electric plating which used ? a 
direct current as already explained, a bias occurs that it is this approach in distribution of current density, and a 
current flows continuously intensively to a certain plating side. And according to the bias of such current , 
distribution, nickel crystallizes with epitaxial growth near an interface with said lower magnetic pole layer or a lower- 
core layer. By this, the content of the nonmagnetic elements (for example, element P etc.) near [ said ] an interface 
fell rapidly, and the corrosion resistance of this part and nonmagnetic-ization fell. 

[0027] So, in this invention, we decided to replace with a direct current and to use electric plating using pulse 
current. 

[0028] That is, ON/OFF of a current controlling element is repeated and the time amount which passes . a current at 
the time of plating formation, and the blank time amount which does not pass a current are established, thus, by 
establishing the time amount which does not pass a current, it becomes possible to compare, when a direct current . 
is used like before, and to ease the bias of distribution of the current density at the time of plating formation, and it 
forms a gap layer little by little. 
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[0029] It becomes possible tq< carry out plating growth near [ said]. an interface by this, crystallization by. the 
epitaxial growth of nickel being controlled and using a nonmagnetic element, as, .an optimum dose amorphous ! 
condition near [ said ] an interface. Therefore, the gap layer excellent in corrosion resistance and smooth nature T . 
can be formed, and nonmagnetic-izatipn in near [ said ] an interface cap be promoted. , ;i :</ . , v 
[0030] Moreover* after carrying out plating formation of said gap layer to predetermined thickness in the 
aforementioned (b) process in this invention, using the pulse cum5nt. ; .w|iich,has. predetermined current density in the 
beginning, it is desirable to carry put plating formation of the remaining gap layers using the pulse current which has 
current density higher than said predetermined current density.- ^ 

[003 1]„ crystallization by the epitaxial growth of nickel is controlled as mentioned above^y making current density , ; ; 
small in the plating formation from the beginning, i.e., an Internee, ^and-ma!dng : pjati^g growth late, and. it is optimum v 
dose **** about a nonmagnetic element — it pan consider as an amorphous condition. Then, plaiting growth: is. sped 
up by raising .current density, and it enables it to form the gap stratification for, a short time. In the phase which 
raises current density, since it is- already made amorphous and plating growth is carried out; while the gap layer 
which raises and forms current density on it also contains the nonmagnetic element of optimum dose, it is made 
amorphous and plating growth of the gap layer which made current density small and formed it is carried put For 
this reason, said whole gap layer can be made into the amorphous condition that an optimum dose nonmagnetic 
element is included, in this invention. 

[0032] Moreover, it is desirable to make said predetermined current density into two or less 3.0 m A/cm by two or , 
more 1.5 mA/cm, and to carry out plating formation of said gap layer to the first 1 0nm thickness in this inventions 
using, the, pulse current which has this current density. 

[0033] Moreover, it is more desirable in carrying out plating formation of said gap layer to the first 40nm thickness in r 
this invention. 

[0034] Near an interface, plating growth of the gap layer is slowly carried out to it being numeric-value within the 
limits of the above-mentioned current density, the nonmagnetic element makes the optimum dose . close amorphous 
in the film, and crystallization by the epitaxial growth of Element nickel can be controlled appropriately. In addition, a : 
plating growth rate is top slow in it being a small value, and said gap layer is hard coming to carry out plating growth 
and is not more desirable than the above-mentioned current density. Moreover,, plating growth is too quick in it 
being a large value, a nonmagnetic element is hard coming to enter into the film, and Element nickel crystallizes and . 
is not more desirable than the above-mentioned current density. 

[0035] In addition, if it is above-mentioned numeric-value within the limits when carrying out plating formation of 
said gap. layer by NiP, the content of the element P in the first lOnm thickness can be set below to 15 mass % 
above 8 mass %. Or the element P in the first 40nm thickness can be preferably set below to 15 mass % above 8 
mass %. 

[0036] Moreover, it is desirable to carry out plating formation of said remaining gap layers in this invention using the 
pulse current which has two or less 1 1.0 mA/cm current density by two or more 8.5 mA/cm. Plating growth is sped 
up by raising the current density at the time of plating formation of said remaining gap layers rather than the 
beginning, and a gap layer can be formed in a short time. Moreover, according to it, since the gap layer currently 
formed in the bottom of it is made amorphous even rf it carries out plating formation by the pulse current which has 
the high current density of the above [ said remaining gap layers ], said remaining gap layers can be formed, where ; 
[ amorphous ] the nonmagnetic element of optimum dose is included.. Moreover, when forming said gap layer by NiP, 
the content which the element P of the whole thickness of a gap layer averaged can be set below to 1 5 mass % 
above 11 mass %. . . --v.-w • . - 

[0037] In addition,, by this invention, plating formation of said gap layer can be carried out by any one sort of nickel- 
P, nickel-W,onickel-P-Mp f and nickel-P-W. , • : . 

[0038] That is, it is possible to carry out plating formation of the gap layer which can control' crystallization by the ; 
epitaxial growth of Jhe element nickel near an interface, is excellent in electric plating .using the above-mentioned 
pulse Tcurrenk at corrosion resistance and smooth nature even when it is not restricted to NiP but nrckehW etc. is 
used, and can promote nonmagnetic-ization. 

[0039] , : , • • 

[Embodiment of the Invention] The partial front view showing the structure of a magnetic-recording component 
[ in / in drawing 1 / this invention ] (thin film magnetic head), the elements on larger scale to which drawing 2 
expanded the magnetic pole section, and drawing 3 are the fragmentary sectional views which cut the thin film 
magnetic head shown in drawing. 1 from three to 3 line, and were seep from the narrow head. 

[0040] Although the thin film magnetic head shown in drawing 1 is an inductive head for record, in this invention, the 
laminating of the head for playback (MR head using AMR, so-called GMR, so-called TMR. etc.) which used the 
magneto-resistive effect for the bottom of this inductive head may be parried put.- , :: 

[0041] The sign 20 shown in drawing 1 is the lower core layer formed with magnetic materials, such as a permalloy. 
In addition, when the laminating of the head for playback is carried out to said lower core layer 20 bottom., the 
shielding layer which protects a magneto-resistive effect component from a noise may be prepared separately [ said 
lower core layer 20 ], said shielding layer may not be prepared, but said lower core layer 20 may be operated as an 
up shielding layer of said head for playback. 

[0042] As shown in drawing 1 , an insulating layer 23 is formed in the both sides of ; said lower core layer ; 20. 
Moreover, as shown in drawing 1 i the inclined planes 20b and 20b which incline in the direction which top^face 20a 
of the lower core layer 20 prolonged from the end face of the lower magnetic pole layer 21 may be extended and 
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formed in the direction parallel to the truck cross direction (the direction of graphic display X); or separates from 
said up core layer 26 may be formed. Generating of side fringing can be more appropriately reduced by inclined 
planes 20b and 20b being formed in the top face of said lower core layer 20. 

[0043] As shown in drawing 1 , the magnetic pole section 24 is formed on said lower core layer 20, and exposure . 
formation of said magnetic pole section 24 is carried out at the opposed face with a record medium. If said magnetic 
pole section 24 was formed with the width of recording track Tw and it says in this example, it will be a width-of- 
recording^ack specification part As for said width of recording track Tw, being formed by 0.7 micrometers or less 
is desirable, and it is 0.5 micrometers or less more preferably. 

[0044] Said magnetic pole section 24 is constituted from the laminated structure of three layer membranes of the 
lower magnetic pole layer 21, the gap layer 22, and the up magnetic pole layer 35 by the example shown in drawing 
i . Hereafter, said magnetic pole layers 21 and 35 and the gap layer 22 are explained. 

[0045] As shown in drawing 1 , on said lower core layer 20, plating formation of the lower magnetic pole layer 21 
used as the lowest layer of the magnetic pole section 24 is carried out through the plating substrate layer 25 (refer 
to drawing 3 ). Said lower magnetic pole layer 21 may be magnetically connected with the lower core layer 20/ and 
whichever is [ said lower magnetic pole layer 21 may be formed with construction material which is different also 
with the same construction material as said lower core layer 20, or ] sufficient as it. Moreover, monolayer may also 
be formed by the multilayer or whichever is sufficient. In addition, the height dimension of said lower magnetic pole 
layer 21 is formed by about 0.3 micrometers. 

[0046] On said lower magnetic pole layer 21, the laminating of the nonmagnetic gap layer 22 is carried out. In this 
invention, said gap layer 22 is formed with a non-magnetic metal ingredient, and plating formation is carried out on 
the lower magnetic pole layer 21. In addition, the height dimension of said gap layer 22 is formed by about 0.2 
micrometers. 

[0047] Next, on said gap layer 22, plating formation of the up magnetic pole layer 35 which connects with the up 
core layer 26 mentioned later magnetically is carried out In addition, said up magnetic pole layer 35 may be formed 
with the same construction material as the up core layer 26, and may be formed with different construction material. 
Moreover, monolayer may also be formed by the multilayer or whichever is sufficient In addition, the height 
dimension of said up magnetic pole layer 35 is formed by 2:4 micrometers ■'- about 2.7 micrometers. 
[0048] If plating formation of the gap layer 22 is carried out by NiP which is a metallic material as described above, 
it will become possible to carry out plating formation of the lower magnetic pole layer 21 , the gap layer 22, and the 
up magnetic pole layer 35 continuously. 

[0049] In addition, in this invention, said magnetic pole section 24 is not restricted to the laminated structure of the 
three above-mentioned layer membrane. Said magnetic pole section 24 may be formed by the two-layer film which 
consists of a gap layer 22 and an up magnetic pole layer 35. 

[0050] As described above, moreover, the lower magnetic pole layer 21 and the up magnetic pole layer 35 which 
constitute the magnetic pole section 24 Although it may be formed with construction material which is different also 
with the construction material as the core layer connected magnetically with each same magnetic pole layer or 
whichever is sufficient, in order to raise recording density As for the lower magnetic pole layer 21 and the up 
magnetic pole layer 35 which counter the gap layer 22, it is desirable to have saturation magnetic flux density with 
each magnetic pole layer higher than the saturation magnetic flux density of the core layer connected magnetically. 
Thus, by having saturation magnetic flux density with high lower magnetic pole layer 21 and up magnetic pole layer 
35, a record field is centralized near the gap and it becomes possible to raise recording density. 
[0051] By the way, as plating formation of said gap layer 22 is carried out by NiP and this invention is shown in 
drawing 2 . the content of the element P in the thickness H1 from an interface with said lower magnetic pole layer 
21 to 1 0nm is set below to 1 5 mass % above 8 mass %. The content of the element P in the thickness HI to 40nm is 
preferably set below to 15 mass % above 8 mass %. 

[0052] As shown in drawing 2 van interface with said lower magnetic pole layer 21 is graduated, and, moreover; the 
element P of the above-mentioned content will be amorphous included within said thickness H1 by said gap layer 22. 

[0053] Thus, it is that plating formation is carried out where [ amorphous ] the content of Element P increased 
conventionally near the interface and a proper quantity of the element P is included in this invention, and it is 
possible to raise the corrosion resistance of the gap layer 22 near [ said ] an interface and smooth nature. 
Therefore, in this invention, even if put to the neutrality and the alkaline cleaning agent which are used at the 
washing process of slider processing etc.. said gap layer 22 is not eaten away and a crack (refer to drawing 15 ) like 
before does not go into said gap layer 22. 

[0054] Moreover, nonmagnetic-ization in this part can be promoted by the element P of optimum dose being 
contained near [ said ] the interface of said gap layer 22. Although gap length Gl is determined by the thickness of 
said gap layer 22. it is that near the interface of said gap layer 22 is appropriately made nonmagnetic, and it is 
possible to store said gap length Gl in a predetermined value. 

[0055] Therefore, it is possible to manufacture the thin film magnetic head which keeps good recording 
characteristics, such as the over-writing property of the thin film magnetic head, and moreover has a predetermined 
recording characteristic in this invention with the sufficient yield. 

[0056] In addition, the X-rays spectroscopic analyzer performed measurement of the content of the above- 
mentioned element P. However, since the content of the element P by the X-rays spectroscopic analyzer is 
measured as a relative value, in order to amend this for an absolute value, wet analysis was performed after 
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measurement by said X-rays spectroscopic analyzer. It is the value which the content of the element P measured 
by this described above. 

[0057] Moreover, about the distance from said interface, it measured using the transmission electron microscope \ ;. 
(TEM). . .... «,.-. , . " ■ . ' ■ „.-„ : v-/ , 

[0058] Moreover, in this invention, it is preferably desirable from said interface to tQnm that the content of the . 
element P in the 40nm thickness H1 is below 15 mass % above 10 mass %. Moreover, as for the content of said 
element P, it is more desirable that it is below, 1 5 mass % above 1 1 mass . ,, . .■ ; 

[0059] If it is within the limits of the above, crystallization of nickel within, thickness HI can be controlled from the.:,-: , 
interface of the gap layer 22 formed by said NiP film, amorphqus-ization can be promoted more, and improvement in 
corrosion resistance and smooth nature and a pan can be made to promote nonmagnetic-ization more. Therefore, { ?o 
the thin film magnetic head which nonconformities, such as a crack, did not occur near the interface of said gap- 
layer. 22,. and was excellent in the recording characteristic can be manufactured, 

[0060] Moreover, as for the content of the element P which the whole thickness of said gap layer 22 averaged irv u: 
this invention, it is desirable that it is below 15 mass % above 1 1 mass %. Thus, by containing the element P : ; 
described above by the whole thickness of the gap layer 22, the corrosion resistance of the whole thickness of said 
gap layer 22 can be raised, and, moreover, nonmagnetic-ization can be promoted. Therefore, while being able to . v 
protect said gap layer 22 whole from pervasion by a penetrant remover etc. appropriately, a leakage field can be v 
generated certainly [ near / said / the gap ]. ■ > 

[0061] Next, in this invention, it is formed with the linear dimension LI like drawing 3 . magnetic pole applying: » ; : 
[ said / 24 ] it in the height direction (the direction of graphic display Y> from an opposed face (ABS side) with a 
record medium. Between said magnetic pole sections 24 and lower core layers 20, Qd arrangement layer 27 formed •; 
by the organic insulating material etc. is fonmed. In addition, the distance from the head of said: Gd arrangement 
layer 27 to an opposed face with a record medium is formed by L2, and this, distance L2 is a gap depth (Gd). 
[0062] Moreover, as shown in drawing 3 , it is behind the height direction (the direction of graphic, display Y): of said ; 
magnetic pole section 24, and winding formation of the coil layer 29 is spirally carried put through the insulating , ; 
substrate layer 28 on the lower core layer 20. As for said insulating substrate layer 28, it is desirable to, be forrhed /0 
by the insulating material which consists of at least one sort in AIO, aluminum 20.3, SiQ2 and Ta 205,, TiO and AIN, 
AISiN, TiN and SiN, Si3N4, NiO, WO. W03. BN and CrN, and SiQN. 

[0063] further — said coil layer 29 — each — a conductor — it is buried by the insulating layer 30 between the . ^ 
pitches of the section. As for said insulating layer 30, it is desirable to be chosen from at least one, sort in AIO, 
aluminum 203, Si02 and Ta 205. TiO and AIN. AISiN, TiN and SiN, Si3N4, NiO, WO. WQ3, BN and CrN. and SiON; 
[0064] As said insulating layer 30 is shown in drawing 1 , it is formed in the both sides of the truck cross direction, 
(the direction of graphic display X) of said magnetic pole section 24, and exposure formation of said insulating layer 
30 is carried out at the opposed face with a record medium. 

[0065] As shown in drawing 3 . on said insulating layer 30, winding formation of the 2nd coil layer 33 is carried out 
spirally. ^ < <■:■:. 

[0066] As shown in drawing 3 . said 2nd coil layer 33 is covered with the insulating layer 32 formed with organic- 
materials, such as a resist and polyimide, and pattern formation of the up core layer 26 formed with the NiFe alloy 
etc. is carried put for example, by frame plating, etc, on said insulating layer 32.^- -.• ^.?-r-; : 

[0067] Moreover, as shown in drawing 3 , on said up magnetic pole layer 35, it connects magnetically and point 26a 
of said up core layer 26 is formed, end face section 26b of said up core layer 26 was formed with magnetic . 
materials, such as a NiFe alloy, on the lower core layer 20, is raised; and on the layer 36 i; it connects magneticallyU :r 
and "it is formed, in addition — said — it raises, and the layer 36 does^not need to; be formed and direct continuation 
of the end face section 26b of said up core layer 26 will be carried out on the lower core layer 20 in this case; Said K 
up core layer 26 top is covered with the protective layer 34 of aluminum2Q3. grade. , .A /.«\/j&uiv.n #sv5tm. 

[0068] Moreover, as shown in drawing i , it turns out that the width; method of the upiicore c layer 26 ; in iiieiedgefd^uO 
joined on said up magnetic pole layer 35 is .larger than the width methqd-pf ihe trucKcrqss ^direc^ 
magnetic pole layer 35. Thereby, the, magnetic flux from said up core layer. 26 can be efficiently. passed in said up , 
magnetic pole layer 35, and improvement in a recording characteristic can be aimed at. -- x . . 0 w-te- 

[db69] Drawing 4 is drawing of longitudinal section of the thin film magnetic head of the gestalt of another operation • 
of this invention. In addition, the end face on the left-hand side of [ graphic, display ] the, thin film magnetic head , SO 1 
shown in drawing 4 is an opposed face with a record medium. - . ;r\ * . v. , v...--... j^-z 

[0070] With the gestalt of this operation, plating formation of the gap layer 41 which: consists of a npn-magneticv ,>v 
metal ingredient on the lower core layer 4Q is carried out on the lower core layer. 40. - ^ fesi >-'J 

[0071], In this: invention, as a non-magnetic metal ingredient; NiP is chosen and the content of the element; P within . 
40nm thickness is preferably set from the interface with said lower core * layer? 4Q below to J5 mass %Lwithin^l0nm 
thickness above 8 mass %. It is below 15 mass % preferably above 10 mass %, and is below 1 5 mass % moreio 
preferably above 11 mass %. I '. -v- ' * '%u • 

[0072] Within 10nm thickness, crystallization by the epitaxial growth of Element nickel can be controlled from an, , 
interface with sajd lower core layer 40 by this, and it is in the amorphous condition of having contained the, element 
P of above-mentioned numericr-value within the limits. For this reason, the corrosion resistance in said interfacecand 
smooth nature can be raised, pervasion by the penetrant remover in a slider production process etc. can be avoided, 
and generating of the crack near the interface of said gap layer 41 etc. can be controlled like before. Moreover, • 
since nonmagnetic-ization near [ said ] an interface can be appropriately prompted if "it is the gap layer 41 
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containing the above-mentioned element P, gap length Gl is able to manufacture the thin film magnetic head which 
is fixed magnitude with the sufficient yield. 

[0073] Moreover, while it can be desirable that it is below 15 mass % above 1 1 mass % as for the content of the 
element P which the whole thickness of said gap layer 41 averaged, and the whole thickness of the gap layer 41 can 
change into the amorphous condition that the element P of optimum dose was included, by this and it can raise 
corrosion resistance, a leakage field can be generated certainly [ near the gap ]. 
[0074] In addition, it was as drawing 1 having explained the measuring method of the content of said element P, and' 
the content further measured with said X-rays spectroscopic analyzer by wet analysis is amended using an X-rays 
spectroscopic analyzer, arid it is made the absolute value, and measured using the transmission electron microscope 
about the distance from said interface. 

[0075] In drawing 4 , the coil layer 43 by which pattern formation was carried out so that it might become spiral 
superficially through the insulating layer 42 made from polyimide or a resist ingredient is formed on said gap layer 41 
In addition, said coil layer 43 is formed with the nonmagnetic conductivity ingredient with small electric resistance, 
such as Cu (copper). 

[0076] Furthermore, said coil layer 43 is surrounded by the insulating layer 44 formed with polyimide or a resist 
ingredient, and the up core layer 45 made from soft magnetic materials is formed on the insulating layer 44. 
[0077] As shown in drawing 4 , in the opposed face with a record medium, it counters through the gap layer 41 on 
the lower core layer 40, as for point 45a of the up core layer 45, gap length's Gil magnetic gap is formed, and end 
face section 45b of the up core layer 45 is magnetically connected with the lower core layer 40. 
[0078] Moreover, although the high thing of the saturation magnetic flux density Ms of the lower core layer 40 is 
desirable, if flux reversal of the leak field between the lower core layer 40 and the up core layer 45 is made easy to 
carry out by making it lower than the saturation magnetic flux density Ms of the up core layer 45, the writeHn 
consistency of the signal to a record medium can be made high more. 

[0079] Next, it explains, referring to a drawing about the manufacture approach of the thin film magnetic head of the 
same configuration as drawing 1 . 

[0080] In drawing 5 , spreading formation of the resist layer 51 is carried out on the lower core layer 20. The 
thickness dimension H3 of said resist layer 51 must be formed more thickly than the thickness dimension of the 
magnetic pole section 24 in the completed thin film magnetic head which is shown in drawing 1 at least 
[0081] Next, from an opposed face with a record medium, in the height direction (the direction of graphic display Y), 
it is a predetermined linear dimension, and slot 51a formed by the predetermined width method crosswise [ truck ] 
(the direction of graphic display X) is formed, and the magnetic pole section 24 is formed in slot 51a by exposure 
development at the resist layer 51. 

[0082] As shown in drawing 5 , the lower magnetic pole layer 21, the gap layer 22, and the up magnetic pole layer 35 
constitute the magnetic pole section 24 from the bottom, and plating formation of the plating substrate layer 25 is 
continuously carried out for these each class as a substrate. It is possible for this to attain simplification of a 
production process. 

[0083] In this invention, plating formation of said gap layer 22 is carried out with electric plating which used pulse 
current Said gap layer 22 is formed by the non-magnetic material which used nickel as the principal component 
[0084] It is desirable to repeat ON/OFF in several second cycle and to set the duty ratio at that time about to 0.1 
to 0.5 in this invention. For example, ON/OFF is repeated in a 0.5-seeond cycle. 

[0085] According to electric plating using pulse current, the time amount which passes a current at the time of 
plating formation of the gap layer 22, and the blank time amount which does not pass a current can be established 
as mentioned above. Thus, it is possible to compare by establishing the time amount which does not pass a current, 
when a direct current is used like before, and to ease the bias of distribution of the current density at the time of 
plating formation. And plating formation of said gap layer 22 can be carried out little by little. 
[0086] ^Thus, since the bias of distribution of the current density at the time of plating formation can be reduced 
with electric plating using pulse current, in the gap layer 22 by which plating formation was carried out hear the 
interface with said lower magnetic pole layer 21, Element nickel is not crystallizing with epitaxial growth like before- 
By this invention, where [ amorphous ] many nonmagnetic elements are contained compared with the former, plating 
formation of said gap layer 22 hear [ said ] an interface can be carried out 

[0087] Thus, near the interface of said gap layer 22, it is possible to raise the corrosion resistance of said gap layer 
22 near [ said ] an interface and smooth nature by being in the amorphous condition that the nonmagnetic element 
was included in optimum dose. Moreover, nonmagnetic-ization near [ said ] an interface can be promoted. 
[0088] Moreover, after carrying out plating formation of said gap layer 22 to predetermined thickness in this 
invention using the pulse current which has predetermined current density in the beginning, it is desirable to > carry; 
out plating formation of the remaining gap layers 22 using the pulse current which has current density higher than 
said predetermined current density. -"■<■* -y- 

[0089] Plating formation of the initial stage of said gap layer 22 changes into the amorphous condition that many 
elements P were included, by this, and crystallization by the epitaxial growth of said element nickel can be 
controlled. For this reason, near the interface of said gap layer 22 and the lower magnetic pole layer 21, the 
corrosion resistance of said gap layer 22 and smooth nature can be raised, and nonmagnetic-ization can be 
promoted. 

[0090] Moreover, after carrying out plating formation of said gap layer 22 to predetermined thickness using the pulse 
current which has predetermined current density, plating formation of said remaining gap layers 22 can be quickly 
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carried out by carrying out plating formation of the remaining gap : layers 22 according to the pulse, current %vyhich;has 
current density higher than said predetermined current density, and it becomes; possible to form plating fqrrnation c of ; 
said gap layer 22 for a short time. In addition, by being in the amorphous condition ,.^at^e nonmagnetic, element > 
was included in optimum dose, the gap layer 22 by which plating formation was a|ready> carried out by the- initial] ; , 
stage can carry out plating formation, after [ amorphous ] said remaining gap layers 22 have also contained the : , 
nonmagnetic element in optimum, dose according to it. That is, according to. this invention, it ,\s possible to^fprm' said 
gap layer 22 whole,, where. [..amorphous ] a nonmagnetic element is included in pptimum f dpse, f - : ; : j ^ ; > ; r 
[0091] Moreover, it is desirable to make said predetermined current density into two or less 3:0 mA/Jcm by^twq on - 
more 1.5 rhA/cm, and to carry put * plating formation of said gap layer. 22 tq ; the first 

using the pulse current which has this current density. It is carrying put plating formation, of said gap, |ayer^2Z to^the : . t : 
first 40nm thickness more preferably. At this time, plating formation time amount is about 7 - ,15 minutes; -Moreover, 
the duty ratio of ON/OFF is for example, a 0.5-second cycle. Moreover, although a current value must be i m/ Tk - 0 
determined according to said current density, said current value is 70mA or less extent in 40mA or more as an^ 
example. ' : . 

[0092] For example, when NiP is chosen as said gap layer 22, in 10nm thickness, in 40nm thickness, the plating : ;\. 
formation of the element P is changed into the amorphous condition of having been contained below 15 mass % , r 
above 8 mass %, and it can control crystallization by the epitaxial growth of Element nickel preferably from an v /3V"; 
interface with the lower magnetic pole layer 21 of said gap layer 22. Therefore, the corrosion resistance, of said gap ; 
layer 22 within said interface to 4Qnm thickness and smooth nature can be preferably raised in lOnm thickness from 
said interface, and nonmagnetic-ization can be promoted. ... • 

[0093] In addition, it carries out the plating formation of said gap layer 22 appropriately and is; not desirable when :?; 
current density is smaller than 1.5 mA/cm2, and the plating growth rate of said gap layer 22 becomes very slow. 
Moreover, it causes [ by the interface, crystallization by the epitaxial growth of Element nickel is> prompted by a 
plating growth rate becoming quick rapidly, and / Element P stops going into optimum dose, and ] corrosion 
resistance lowering and magnetism-izing and is not desirable when said current density is larger than 3.0 mA/cm2u 
[0094] Moreover, it is desirable to carry out plating formation of said remaining gap layers 22 in this invention, 
according to the pulse current which has said current density, at two or more 8.5 >mA/ cm using the pulse current 
which has two or less 11 .0 mA/cm current density, after carrying put plating growth of said gap layer 22 tp 10nm pr 
40nm. The plating fermatipn pf said remaining gap layers 22 can be carried cut quickly by this, and shertening ef the . 
plating formation time, amount of said gap layer 22 can be attained. In addition, although plating formation time; 
amount changes with magnitude of thickness to obtain eventually, it is about 8 minutes, for exampje from 7 minutes. 
Moreover, the duty ratio of ON/OFF is for example, a 0,5-secpnd cycle. Moreover, although a current value must be 
determined according to said current density, said current value is 250mA or less extent in 200mA or more: as an 
example. • «.■ .-!■=.. V « > --w: h- . . .1. . -: • - : v. -. •>- • ' ;■• 

[0095] Moreover, the content of the element P which the whole thickness of said gap layer 22 averaged by this can 
be made below into 15 mass % above 11 mass %, and it is possible to promote the corrosion resistance of said gap 
layer 22 whole and nonmagnetic-ization. a . . 

[0096] In addition, the manufacture approach using ejeptnc plating by the above-mentioned pulse current is not ; 
limited to forming said gap layer 22 by nickel-P. It is possible tp; carry, put plati 

any one sort of nickel-W, nickel-R-Mo, and nickel-R-W in addition to, nickel-P. Platjng;formation is. ca^ed put using ; 
electric plating using the pulse current described above also, by? this case, When this uses said nickel-W, nickel-P-r ! 
Mo, ,or nickel-P^W. Element W, Elements P and Mo, pr Elements; P and W which are nonmagneticAelementsicani be U) 
changed into optimum dose ****** and an amorphous condition near an interface with said lower magnetic pole. - t v 
layer 22 yt and the corrosion resistance of said gap layer 22 and, smooth nature can .be raised, and nonmagnetict \ \ nK 
ization can^be.prpmptedL ^cV- ■ ,<< ^ • -:. A Cr- •■■y,v t, .v.u .. :--^in A -v-XX-- v. y.rn:]^^ jv^^'ip ^<r. 

[0097] In addition, electric plating using this pulse current may be used in case plating f prrmatipn pf each magnetic I 
layer,] such as the* lower? cere layer 20, the lewer magnetic pole layer. 21 4 .the up. magnetic pole .layer 35i and the up i S 
core layer 26, is carried cut While : big and- reugh-izati pn , pf cry stal grain is controlled by thisi the top face of/ each of 
said magnetic layer is made more into a smooth side. ; Therefore, (the. saturation magnetic flux density of each of said 
magnetic layer can be raised. In addition, it is desirable to carry, cut plating fprmatipn pf said lower magnetic pole « 
layer 21 with « electric plating using pulse current especially;) It is { possible to be able to control crystallization by the 
epitaxial growth of Element nickel more appropriately, to change ; into the am pr^^ 

nonmagnetic elements, were included, in an interface with said; lower magnetic pole layer, 21 of the gap layer; 22 
formed on said lower magnetic pole layer 21: by this, and to promote corrpsipn resi stance land nenmagnetic-izatioh • 
further.; *■ --.V-. :■■ ! \ :{■■•■*.<■ ,; i .; i- ■ -'•:..* i-u::/ '.- i-'N^-v: nev*,v'-U v : : C. jJ; -A-\v 

[0098] K addition, the film configuration of the .magnetic pole section 24 forrned in slot 51a shown in . drawing; 5 is P 
not restricted to the.abpve-mentioned configuration of three layers. That is ; as long as jthe magnetic pole section 24 
consists of gap layers 22 which the up magnetic pole layer c 35 which follows the lower magnetic pole layer, 21 and/or 
the up core layer 26 which follow the lower core (ay er, 2Q is fprmedi and are located between magnetic pole layers of 
the lower core layer [ the up core layer 26 or / either./ either / said /.which counter this J.20, or between the ^ 
lower magnetic pole layer 21, and the up magnetic pele layer 35, it may be what kind of film configuration: 
[0099] Next in drawing 5 , said resist layer 51 is removed; a new resist layer is formed, it raises in this resist layer; \ 
and extracts for: layer 36 formation, and a pattern is formed And.it raises Jn the aforementioned omission pattern 
and a layer 36 is formed (refer to drawing 6 ). 
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[0100] next — the process shown in drawing 7 — the lower core layer from the magnetic pole section 24 — 20 topi 
it raises further, it applies in the height direction from a layer 36, and spatter formation of the insulating substrate ! 
layer 28 formed by the insulating material is carried out 1 Mc 

[0101] And as shown in drawing 7 , pattern formation of the coil layer 29 is spirally carried out on the insulating 
substrate layer 28. 

[01 02] Next, at the process shown in drawing 8 , it is a wrap by the insulating layer 30 about the coil layer 29 top. At 
this time, it reaches on the magnetic pole section 24, and raises, and a layer 36 top is also covered With an 
insulating layer 30. 

[01 03] In addition, with the gestart of this operation, spatter formation of the insulating layer 30 is carried out with 
an inorganic material. It is desirable to choose one sort or two sorts or more as said inorganic material from from - 
aluminum 203^and among SiN and Si02. 

[01 04] And as shown in drawing 8 , the front face of an insulating layer 30 is ground using a CMP technique etc., and 
it deletes on the B-B line which the front face of the magnetic pole section 24 exposes. Drawing 9 shows the 
condition. 

[0105] Moreover, by the above-mentioned CMP method, on the same flat surface as plane-of^compositioh 24a of 1 
the magnetic pole section 24, flattening of the front face of an insulating layer 30 is carried out, and it is formed. 
[0106] Next, as shown in drawing 10 , pattern formation of the 2nd coil layer 33 is spirally carried out on an 
insulating layer 30. The layer [ 1st ] coil layer 29 and the 2nd coil layer 33 are electrically connected through each 
volume core. Furthermore, pattern formation of the up core layer 26 is carried out by the existing approaches, such 
as frame plating, on a bonnet and an insulating layer 32 by the insulating layer 32 formed by organic insulating 
materials, such as a resist and polyimide, in the 2nd coil layer 33. 

[01 07] As shown in drawing 10 , the up core layer 26 was formed in contact with the magnetic pole section 24 top in 
the point 26a, and was formed on the lower core layer 20 in end face section 26b, is raised, on a layer 36, touches 
magnetically and is formed. 

[0108] ' • 

[Example] In this invention, plating formation of the gap layer was carried out with electric plating which used pulse '■ ' 
current as an example, plating formation of the gap layer was carried out with electric plating using a direct current 
as an example of a comparison, and the transmission electron microscope (TEM) investigated the surface state of 
each gap layer. ~ ' " ■ '. ' : ''" ( ' [ . ' " r \. " 

[0109] In the example, plating formation of the NiFe alloy which serves as the lower magnetic pole layer 21 as the : 
lowest layer was carried out with electric plating using pulse current. Fe was 70 mass % arid the remainder of the 
presentation ratio of said NiFe was nickel mass %. In addition, plating formation of said lower magnetic pole layer was 
carried out using 4000mA pulse current: ?co-.». 
[01 10] Next, plating formation of the gap layer 22 which turns into said lower magnetic pole layer 21 from NiP was 
carried out with electric plating by pulse current. In addition, for the nickel sulfate, 100 g/l and a nickel chloride Were 
[ 30 g/l and the sodium hydrogenphosphite of the plating bath presentation ] 30 g/l. • v 

[01 1 1] First, plating formation of said gap layer was carried out for 10 minutes using 50mA pulse current: The - ; ' : 
current density of said pulse current was 2,2 mA/cm2. Moreover, the duty ratio of ON/OFF was" a 0.5-^econd- cycle: 
Moreover, the thickness of said gap layer was set to 40hm at this time. ; • m 

[0112] Next plating formation of the remaining gap layers was carried out for [ 7 minutes - ] 8 minutes using 250mA 
pulse current. The current density of said pulse current was 1 0.9 mA/cm2. Moreover, the duty ratio of ON/OFF was 
a 0.5-second cycle. Moreover the thickness of said whole gap layer in the event of ending this plating formation was 
setto200nm, - ovw.-. ■ ■■-.->■< m \m. y : N . ~>hr<. bz&wj- 

[01 1 3] Next plating formation of the up magnetic pole layer which consists of NiFe on said gap layer was carried out 
with electric plating using 4000mA pulse current. Fe was 70 mass % and the remainder of the NiFe presentation ! of J 
said up magnetic pole layer was mass [ of nickel ] %. ' • • : - " ■ ;fv;v>*i* twlibbr, w 

[0114] Next in the example of a comparison, plating formation' of the lower magnetic pole layer bf NiFe used as the ' 
lowest layer was carried out with electric plating using 4000mA pulse current Fe was 70 mass % arid the remainder 
of the NiFe presentation of said lower magnetic pole layer was mass [ of nickel ] %. ^vm 
[0115] Next plating formation of the gap layer which turns into said lower magnetic pole layer from NiP was carried 
out with electric plating using a 70mA direct current In addition, the plating bath presentation at this time is the v 
same as the time of the above-mentioned example. Furthermore, plating formation of the up magnetic pole layer ' 
which consists of NiFe was carried out with electric plating using 4000mA pulse voltaism on said gap laVerv ■- - 
[01 1 6] The photograph which took the photograph taken with the transmission electron microscope of ah example 
with the transmission electron microscope of the example of a comparison to drawing 1 1 is shown in drawing 1212! 
[0117] In the example shown in drawing 11 y the interface of said gap layer and a lower magnetic p'ole layer-is^ 
graduated, and it turns out that there is no spot which is looked at by an Up magnetic pole layer and the lower ; 1 
magnetic pole layer and which becomes blackish at said gap layer The spot which is looked at by said up magnetic 
pole layer and the lower magnetic pole layer and which becomes blackish is a crystal. That is; in the example,- it can 
be admited that there is no part crystallized by said gap layer, and it is in an amorphous condition on the whole: ' 
[01 18] On the other hand, in the case of the example of a comparison, the interface of said lower magnetic pole 
layer and gap layer has severe ******, and the spot which becomes blackish is looked at by said gap layer near - K • 
[ said ] an interface. It is admited that this is the part which the element nickel. which constitutes said gap layer 
grew in epitaxial, and crystallized. 
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[01 19], In the. case of .electric plating using pulse current,. compared wij^^e.^ase where a direct curr^ntjs; used, it 
turns out especially that the gap layer in an interface with a lower magnetic pole, layer can.be formed in an > ; 
amorphous condition, and nickel, crystal lizatipn c^n be controlled j as .mentioned above., , „. , : . , ^ 
[0120] Next in this invention, it investigated using the film configuration of an example in which plating formation^ 
was carried out by the above-mentioned, pulse current and the, film co^ 

which plating ; formation was carried out by the d^ between the distance from c arr v ^ '. 

interface with the lower magnetic pole layer of said gap layer, and the .content of Ejemeht P. ^out tiie distance , 
from said interface, it measured using the transmission electron microscope, and.cam 

Element P using the X-rays spectroscopic analyzer (it amends by wet analysis). The experimental result is shown in 
drawing 13 . 

[0121] As shown in drawing 13 , in the example of a comparison, it turns out from an interface to ab^^Snjn^jJ^^. ^ 
the content of Element P is below 8 mass % very low. On the other hand, the content of Element P is more than 8 
mass %, and is [ in / at an example / said interface to lOnm any ] the same also within 40nm thickness from said 
interface. Thus, in the example, it turns out that the content of the element P in an interface can be made [ many ] 
[ the example of a comparison / especially ]. In addition, in ah example, the plating formation from an interface to 
40nm sets 2.2mA /of current density to 2 cm, and is performed for 10 minutes. 

[0122] Moreover, if about 2.5nm is exceeded from an interface in the case of the example of a comparison, the 
content of Element P will exceed 8 mass %, but as shown in a graph, the upper limit is at most 12 mass %, and the 
content of said element P is not necessarily kept from an interface so constant that it becomes deep, and it 
understands that fluctuation of said content is sharp for it 

[01 23] In the case of an example, regardless of the depth from an interface, it turns out to it that the content of 
said element P is kept almost constant In addition, in this example, the content of the averaged element P in the 
whole thickness is about 1 3 mass %, and, as for the content of said element P, it is desirable in this invention to be 
settled within 15 mass % on the average above 1 1 mass %. If it is this within the limits, while being able to raise the 
corrosion resistance of said whole gap layer, it is possible to promote nonmagnetic-ization. 

[0124] By the way, like the example of a comparison, if Element P is extremely small especially near the interface, 
as seen to drawing 1 2 R> 2, crystallization of Element nickel promotes, corrosion resistance is falling, and it is eaten 
away by neutrality, the penetrant remover of an alkali solution, etc., and has come to bum in this part Moreover, 
near [ said ] an interface, it is tinctured with magnetism because there are extremely many contents of Element 
nickel, and it is thought that near [ said ] an interface is not functioning as a gap layer substantially. 
[01 25] On the other hand, in the case of an example, in said interface to 10nm thickness, preferably, either of 40nm 
thickness can promote amorphous-ization near [ said ] an interface, as more than 8 mass % can be secured and it 
was seen to drawing 1 1 , and Element P can raise corrosion resistance. Moreover, nonmagnetic-ization by said 
interface can be appropriately promoted by securing Element P more than 8 mass %. Although it was an upper limit 
here, in this invention, it set up below 15 mass %. This originates in the content in the increase of the amount of 
element P or NiP by which plating formation was carried out even if carried out under plating bath not exceeding 1 5 
mass %. Moreover, as desirable range, it is below 15 mass % above 10 mass %, and carried out to below 15 mass % as 
more desirable range above 11 mass %. The corrosion resistance near the interface of a gap layer and nonmagnetic- 
ization can be more appropriately promoted by this. In addition, it turns out that the above-mentioned desirable 
range and the more desirable range are filled with the example shown in drawing 13 . 

[0126] In addition. 40nm of the beginning and lOnm of thickness being two or less 3.0 mA/cm from two or more 1.5 
mA/cm preferably in this invention about current density is desirable. In the example shown in drawing 1 1 and 
drawing 13 , the first current density was 2.2 mA/cm2. In addition, although it must adjust so that it may suit within 
the limits of the above-mentioned current density about the magnitude of a current this invention can show 70mA 
or less by 40mA or more as an example, for example. 

[0127] Next as for the current density used when carrying out plating formation of the remaining gap layers, it is 
desirable that they are two or less 11.0 mA/cm in two or more 8.5 mA/cm. In addition, in the example shown in 
drawing 1 1 and drawing 13 , said current density when carrying out plating formation of the remaining gap layers was 
10.9 mA/sm2. Moreover, although it must adjust so that it may suit within the limits of the current density described 
above about the magnitude of a current also in this case, this invention can show 250mA or less by 200mA or more 
as an example, for example. 
[0128] 

[Effect of the Invention] According to this invention explained to the detail above, NiP is used in order to form said 
gap layer of a magnetic-recording component By making the content of the element P from an interface with a 
lower magnetic pole layer or a lower core layer to 1 0nm below into 1 5 mass % above 8 mass %, moreover, within 
lOnm thickness from said interface Since crystallization by the epitaxial growth of Element nickel can be controlled, 
many elements P can be incorporated and it can change into an amorphous condition. Therefore, the corrosion 
resistance of said gap layer near an interface can be raised, and even if put to neutrality or an alkali solution, 
pervasion of said gap layer can be prevented appropriately. 

[0129] Moreover, nonmagnetic-ization near an interface can be promoted by the ability of the optimum dose 
reservation of the content of said element P to be carried out 

[0130] Therefore, in this invention, it excels in a recording characteristic and the magnetic-recording component 

which moreover has a fixed recording characteristic can be manufactured with the sufficient yield. 

[0131] Moreover, by the manufacture approach of this invention, crystallization by the epitaxial growth of the 
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element nickel near the interface of said gap layer can be controlled by carrying out plating formation- of said gap 
layer with electric plating which used pulse current Therefore, many nonmagnetic elements, such as Element P; can 
be incorporated near [ said ] an interface, near [ said ] an interface can be changed into an amorphous condition; ; 
and corrosion resistance can be raised. 

[0132] In addition, it is desirable to carry out plating formation of said gap layer to predetermined thickness 
according to pulse current with small current density at first in this invention/and to carry out plating formation with 
current density bigger next than said current density. While being able to promote the corrosion resistance of said' 
whole gap layer, and nbhmagnetic-ization by this, formation time amount of said gap layer can be made quicker. 



[Translation done ] 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated, 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The front view showing the magnetic-recording component (thin film magnetic head) of the gestait of 
operation of the 1 st of this invention, 

[Drawing 2] The elements on larger scale which expanded the magnetic pole section, 

[Drawing 3] The fragmentary sectional view in three to 3 line of the thin film magnetic head of drawing 1 , 

[Drawing 4] The fragmentary sectional view showing the magnetic-recording component (thin film magnetic head) of 

the gestait of operation of the 2nd of this invention, 

[Drawing 5] 1 process drawing showing the manufacture approach of the magnetic-recording component (thin film 
magnetic head) shown in drawing 1 thru/or drawing 3 of this invention, 

[Drawing 6] 1 process drawing carried out to the degree of the process shown in drawing 5 , 

[Drawing 7] 1 process drawing carried out to the degree of the process shown in drawing 6 , 

[Drawing 8] 1 process drawing carried out to the degree of the process shown in drawing 7 , 

[Drawing 9] 1 process drawing carried out to the degree of the process shown in drawing 8 , 

[Drawing 10] 1 process drawing carried out to the degree of the process shown in drawing 9 f 

[Drawing 11] The transmission electron microscope photograph of the magnetic pole section of this invention 

(example) which carried out plating formation of the gap layer with electric plating by pulse current, 

[Drawing 12] The transmission electron microscope photograph of the magnetic pole section of the former (example 

of a comparison) which carried out plating formation of the gap layer with electric plating by the direct current, 

[Drawing 13] The graph which shows the relation between the distance from the interface of NiP in the conventional 

example and the example of a comparison, and the content of Element P, 

[Drawing 14] The partial front view showing the structure of the thin film magnetic head in the former, 
[Drawing 15] The enlarged drawing of the magnetic pole section for explaining the nonconformity of the thin film 
magnetic head in the former, 
[Description of Notations] 

20 Lower Core Layer 

21 Lower Magnetic Pole Layer 

22 Gap Layer 

26 Up Core Layer 

29, 33, 43 Coil layer 

35 Up Magnetic Pole Layer 

51 Resist Layer 



[Translation done.] 
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[Drawing 1 1] 
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